I. Introduction
Recently the growth in Internet technology usage has affected the traditional education methodology. Especially, since the World Wide Web (WWW) has emerged to become a global, interactive, dynamic medium for sharing information all around the world. Due to its ability to deal with multimedia information, such as graphic s, sound, and video, and easy-to-use web browser, it can be useful for many educational systems. WBI is an informal instructional system using WWW services and some other technical supports, such as chat-rooms and email. WBI is more formally defined as "a hypermedia -based instructional program, which utilizes the attributes and resources of the WWW to create a meaningful learning environment where learning is fostered and supported" [1] .
In order to constitute an educational system, WBI has the following components [1] : content developments, such as instructional design and curriculum developments, multimedia components, Internet tools, computers and storage devices, connection and service providers, authoring programs, such as HTML and JAVA, servers, browsers, and other applications. WBI features are characterized by those components and are classified into two categories: key features and additional features. Key features are an integral part of the WBI design, such as interactive and multimedia systems. On the other hand, additional features are secondary tools assisting WBI designs, such as ease of coursework development.
WBI has changed the traditional relationships between teachers and students. In the traditional instruction setting, teachers and students share the same space at the same and also, students may work individually or in groups. On the other hand, in WBI, teachers and students may meet asynchronously using communication tools , such as video and sound, at different places. Also, WBI can encourage students to work in a self-driven manner.
Although WBI has affected the traditional education system tremendously, it still has some limitations. The lack of face-to-face communication is a typical example. Thus, the major concern in WBI is how teacher can motivate unseen students. There are various ways to provide motivation and interactivity in WBI, but their approaches are somewhat diverse and subjective.
This paper provides a formal model that evaluates interactivity and motivation for courses based on WBI. It is objective and based on principles dominating pedagogical philosophy and learning theory. This paper is organized as follows. In Section II, related works for providing motivation and interactivity are presented. In Section III, a formal evaluation model is introduced. Based on this model, some representative WBI courses are selected and compared for their interactivity and motivation in Section IV. Finally, conclusions and further research issues are discussed in Section V.
II. Related Work
In [2] , the authors argued that course design and the teacher 's role might affect student motivation. Based on these arguments, they present three ways to enhance the use of WBI: how to motivate student, course design considerations, and how to motivate instructors.
First, the causes for lack of student motivation include lack of preparedness, lack of funds to purchase electronical resources, initial difficulty in using advanced hardware and software, phobia about technology, lack of background on course, interpersonal difficulty, family illness, etc. The authors suggested the following solutions: get to know the student by providing personal information, such as biographies, photographs, and e -mail addresses; avoid confrontations, sarcasms, or put-downs; if a face-to-face meeting cannot be arranged, use other methods (such as e-mail) to communicate.
Second, as possible course design considerations for providing motivation, the following principles may apply: variation and curiosity, relevance, challenge level, positive outcomes, positive impression, readable style, and early interest. Variation and curiosity refer to providing diversity and making changes in content to stimulate attention and curiosity. Relevance refers to connecting student learning to objectives of the course. Challenge level refers to providing continuing interactions. Positive outcomes refer to providing rewards or the opportunity to present work to other students. Positive impression refers to providing a good impression by arranging graphics, text, maps, etc. Readable style refers to providing readable messages and dialogues. Early interest refers to providing early interest in a course.
Finally the authors argued that the motivation problem may also affect teachers, and unmotivated teachers may impact the entire class. In order to motivate the instructors themselves, the authors provided suggestions, such as take more time to redesign the course and develop the ability to deal with change.
In [3] , the authors suggested three ways of interaction: student-course material interaction, student-teacher interaction, and student-student interaction. First, for student-course material interaction, a course should be designed to facilitate self-directed learning, and include many illustrations and guidelines. Second, for student-teacher interaction, teachers need to constantly motivate students. Finally, in order to support student-student interaction, communication tools should be provided.
In [4] , the authors classified web evaluation criteria into six categories: a) content, b) multimedia components, which are graphic s, sound and video, c) authority, which includes the quality of the web page writer, and copyright and trustworthiness of web management organization, d) currency, which refers to whether the web page's content is up-to-date or not, e) general appearance, which refers to attractiveness of the web page, and f) ease of navigation.
In [5] , a way to provide motivation is presented. It is discussed in terms of four categories: attention, relevance, confidence and satisfaction. Attention represents interests or curiosities of students. Thus, students are supposed to answer yes on questions like "Does the display provide curiosity?" or "Does the content invoke curiosity?" Relevance is the applicability of the content to real life or other subjects. Confidence is to describe the student's understanding of the course material. Finally, satisfaction is to provide the student's satisfaction after the course, including fairness in grading, positive rewards and psychological impacts.
The related works above have the following problems in order to evaluate interactivity and/or motivation. The works in [2, 5] are a comprehensive guide for providing motivation in WBI, but include psychological effects that are subjective and are not easily measurable. The work in [3] establishes the only general rules for providing interactivity, which may not be useful for WBI designers directly. Finally, the web evaluation criteria in [4] include so many subjective elements that they may lose generality.
III. The Proposed Model
Based on the related works in Section II, a formal model needs to be developed for WBI evaluation criteria. The model should be objective so that it can be useful for all WBI designers and teachers. In this Section, an evaluation model for interactivity and motivation in WBI is presented. Only objective elements are selected so that the model can be used as guidelines for future WBI designers. Note that, in order not to lose generality, these elements are based on the major pedagogical philosophy and learning theory, which will be discussed later. For the evaluation of interactivity and motivation, interactivity and motivation are classified into three categories: student-to-course content relationship, student-to-teacher relationship , and studentto-student relationship. The evaluation criteria for interactivity include any elements inducing student reaction. On the other hand, the evaluation criteria for motivation include any elements stimulating student interest. The elements for interactivity and motivation are somewhat overlapping. The evaluation model may not be an absolute index for WBI products, but it can be used for comparing the relative performance of any web pages.
The following two educational guidelines are adopted for interactivity and motivation: learning theory and pedagogical philosophy. Although there are many learning theories, two theories, behaviorism and cognitivism, dominate instructional design. Each theory is summarized as follows [1] .
Behaviorism emphasizes interactive learning systems. In fact, the behaviorism considers the critical factors in learning observable behavior and instruction, which involves shaping desirable behaviors through stimuli, responses, feedback, and reinforcement. Thus, once a stimulus, which is in the form of a short presentation of some content, is provided, a response is expected. Feedback is provided as to the accuracy of the response. Also, positive reinforcement is given for accurate responses. For inaccurate responses, additional or modified stimulus is given so that another cycle begins.
On the other hand, cognitivism places more emphasis on internal mental status than on behavior. These internal mental states include simple propositions, schema, general rules, skills, general skills, automatic skills, and mental models [7] . Accordin g to cognitivism, in order for some type of knowledge to be constructed by the learner, various learning strategies, such as memorization, direct instruction, deduction, drill and practice and induction, are required.
The pedagogical philosophy ranges from a strict instructivism to a radical constructivism as follows. Instructivism emphasizes the importance of objectives existing apart from the learner.
That is, once objectives are identified, they are sequenced into learning hierarchies. Those hierarchies usually represent a progression from lower to higher order learning, and direct instruction is provided to address each of the objectives in sequence. In instructivism, learners are considered as passive recipients of instruction. It is also based on obje ctivist epistemology that defines knowledge as separate from knowing. That is, reality exists regardless of the existence of sentient beings. Also, humans acquire knowledge on this reality in an objective way through senses.
On the other hand, constructivism emphasizes the learner's intentions, experience, and • Providing students with chance to meet each other at least once during semester? (score SSM5 = 1 if yes, 0 otherwise) For interactivity, the degree of overall interactivity, I, is determined by the following expression. We assume that, the bigger the value I, the higher the achieved interactivity for a specific WBI course. This means that, no matter what educational theory each element comes from, we simply assume that the element, with possibly different weight, is helpful for achieving overall interactivity. The value of I can be somewhere between 0 and 1. I = C 1 * SCI + C 2 * STI + C 3 * SSI --- (1) Where 0 ≤ I ≤1
where C 1 , C 2 and C 3 are coefficients (or weight value), and SCI (the degree of student-to-course interactivity, STI (the degree of student-to-teacher interactivity) and SSI (the degree of studentto-student interactivity) are determined as follows. We assume that the degree of each type of interactivity has higher value as more elements are provided for the type. Similarly, for motivation, the degree of overall motivation, M, is determined by the following expression. As in interactivity, it is assumed that, the higher the value of M, the higher the achieved motivation for a WBI course. In turn, this means that, no matter what educational theory each element comes from, we simply assume that the element, with possibly different weight, is helpful for achieving overall motivation. Also, the value of M can be somewhere between 0 and 1.
Where 0 ≤ M ≤1
where H 1 , H 2 and H 3 are coefficient (or weight), and SCM (the degree of student-to-course motivation), STM (the degree of student-to-teacher motivation) and SSM (the degree of studentto-student motivation) are determined as follows. We assume that the degree of each type of motivation has higher value as more elements are provided for each type. 
IV. Case Studies
In this Section, some representative educational web pages are selected and they are compared for their interactivity and motivation. For ease of comparison, all web pages are selected from science-related subjects. Those three web pages are as follows. Web address: http://www.plainfield.k12.in.us/hschool/webq/webq3/rain.htm
We first assume that C 1 = C 2 = C 3 = 1/3. That is, we assume that each type of interactivity is equally important. According to specific WBI course, C 1 , C 2 and C 3 may have different values.
Using formulas (3), (4) and (5) in the previous section, Fig. 1 The student-to-content interactivity has a higher value than the student-to-teacher interactivity and student-to-student interactivity. This means that more student-to-teacher and student-tostudent relationships should be taken into consideration. Using formulas (1) and (2), Fig. 2 shows the overall interactivity for three courses. know that Course2 provides the best motivation for SCM while Course1 provides the best motivation for SSM. For STM, all three courses have the same values. As in interactivity, student-to-teacher and student-to-student relationships should be emphasized for future WBI designs. Using formulas (6) and (7), Fig. 4 shows the comparison of overall motivation.
Course1 and Course2 show the best value in motivation. 
V. Conclusions and Future Research
In this paper, we present a formal model that evaluates interactivity and motivation in WBI.
The proposed model includes comprehensive and objective elements in WBI. The model classifies interactivity and motivation into three categories: course-to-student relationship, teacher-to-student relationship and student-to-student relationship. Based on the model, three educational web sites are selected and compared for the their interactivity and motivation. This model can be used when establishing guidelines for educational web page design.
We are developing a comprehensive evaluation mode l in which some psychological effects are added. Also, in addition to interactivity and motivation, we are developing an analytical model that can be used to test various aspects of WBI products.
